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(57) There are provided a battery module configured
to delay the occurrence of a fire in the event of thermal
runaway of a battery cell in the battery module and a
battery pack comprising the same. The battery module
according to the present disclosure includes a module
case, at least one battery cell disposed in the module

case, at least two coolant jet spray nozzles to spray a jet
of coolant into the module case, and coolant tanks con-
nected to the coolant jet spray nozzles, wherein low melt-
ing point metal valves are mounted in inlets of the coolant
jet spray nozzles respectively, and have different melting
points for each nozzle.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a battery mod-
ule and a battery pack comprising the same, and more
particularly, to a battery module and a battery pack con-
figured to delay the occurrence of a fire caused by thermal
runaway in the battery module or the battery pack. The
present disclosure also relates to a vehicle comprising
the battery pack. The present application claims priority
to Korean Patent Application No. 10-2020-0066431 filed
in the Republic of Korea on June 2, 2020, the disclosure
of which is incorporated herein by reference.

BACKGROUND ART

[0002] Recently, much attention is paid to secondary
batteries as a source of power for electric vehicles (EVs)
and hybrid electric vehicles (HEVs) proposed as an al-
ternative to gasoline vehicles and diesel vehicles using
fossil fuels to solve the air pollution issue. To meet the
high output and high capacity requirements, medium-
and large-sized devices such as vehicles use battery
modules including battery cells electrically connected to
each other and medium- and large-sized battery packs
including the battery modules as unit modules.
[0003] It is very important to ensure stability to the bat-
tery modules and battery packs including the secondary
batteries. In particular, lithium secondary batteries used
in electric vehicles require high energy density and high
output in a short time, as well as a long shelf life of at
least 10 years under severe conditions in which charg-
ing/discharging with large currents is repeated for a short
time, and thus require much better safety and longer life
than small-sized lithium secondary batteries.
[0004] However, in general, lithium secondary batter-
ies use flammable nonaqueous electrolyte solutions, so
short circuits may occur due to external impacts or den-
drite grown by lithium ions at the negative electrode when
overcharged. When a short circuit occurs, the tempera-
ture in the battery cell rises and when the temperature
of the battery cell exceeds the threshold temperature,
thermal runaway occurs. The thermal runaway is a chem-
ical process that is accelerated in itself within the battery
cell. When thermal runaway occurs in a battery cell, a
safety issue arises such as explosion or fires caused by
flammable gas by the decomposition reaction of the elec-
trolyte solution, flammable gas by the reaction between
the electrolyte solution and the electrode, and oxygen
produced by decomposition of the positive electrode.
[0005] The thermal runaway generates a large amount
of heat and gas until all available materials are used up,
and the large amount of heat generated by the thermal
runaway occurred in the corresponding battery cell may
be transmitted to the neighboring battery cells. This
sharply increases the temperature of the adjacent battery
cells, and the thermal runaway spreads to the adjacent

cells in a short time.
[0006] When it fails to respond to the thermal runaway
occurred in the corresponding battery cell rapidly, it re-
sults in thermal runaway propagation and fires and ex-
plosions in the battery unit of higher capacity than the
battery cells such as battery modules or battery packs,
causing financial damage and safety problem.
[0007] Accordingly, the existing battery module has the
thermal runaway prevention/protection function. Exam-
ples include the insulation design and the use of fuses
for protecting from external impacts and preventing short
circuits. However, there is a lack of measures for me-
chanically delaying the occurrences of fires after thermal
runaway occurs in the battery cell disposed in the battery
module.

DISCLOSURE

Technical Problem

[0008] The present disclosure is directed to providing
a battery module for delaying the occurrences of fires in
the event of thermal runaway of a battery cell in the bat-
tery module and a battery pack comprising the same.
[0009] The problem of the present disclosure is not lim-
ited to the above-described problem, and other problems
not mentioned herein will be clearly understood by those
skilled in the art from the following detailed description.

Technical Solution

[0010] To solve the above-described problem, a bat-
tery module according to the present disclosure includes
a module case, at least one battery cell disposed in the
module case, at least two coolant jet spray nozzles to
spray a jet of coolant into the module case, and coolant
tanks connected to the coolant jet spray nozzles, wherein
low melting point metal valves are mounted in inlets of
the coolant jet spray nozzles respectively, and have dif-
ferent melting points for each nozzle.
[0011] The low melting point metal valves may include
a first low melting point metal valve that melts when a
first temperature is reached, a second low melting point
metal valve that melts when a second temperature is
reached and a third low melting point metal valve that
melts when a third temperature is reached, and the first
temperature to the third temperature may be in a sequen-
tially increasing relationship.
[0012] The low melting point metal valves may further
include a fourth low melting point metal valve that melts
when a fourth temperature higher than the third temper-
ature is reached.
[0013] The coolant tanks may be separated for each
nozzle and connected to the nozzles respectively.
[0014] The coolant may be a phase change liquid hav-
ing insulating properties.
[0015] The battery cell may include, without limitation,
any type of secondary battery capable of providing high
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voltage and high current to a battery module and a battery
pack, and may include, for example, a lithium secondary
battery capable of storing a large amount of energy per
volume.
[0016] The battery cell may include a plurality of plate-
shaped battery cells, and the plurality of plate-shaped
battery cells may be stacked and arranged such that one
or two surfaces are in contact with adjacent battery cells
to form a battery cell assembly, each of the battery cells
may include an electrode lead extended on one or two
sides, and the battery cells may be stacked along a hor-
izontal direction of the module case such that an edge
where the electrode lead is not extended is placed down.
[0017] In particular, the plate-shaped battery cell may
be a pouch type battery cell including an electrode as-
sembly embedded in a battery case of a laminate sheet
including a resin layer and a metal layer, sealed along
the outer periphery of the battery case by heat melting.
[0018] In detail, the plate-shaped battery cell may be
a pouch type battery cell including an electrode assembly
including a positive electrode, a separator and a negative
electrode and an electrolyte solution hermetically re-
ceived in a battery case, and may have a plate shape of
an approximately cuboidal structure having a small thick-
ness to width as a whole. In general, the pouch type bat-
tery cell includes a pouch type battery case, and the bat-
tery case has a laminate sheet structure including an
outer coating layer made of polymer resin having high
durability, a barrier layer made of a metal material capa-
ble of preventing the inflow of moisture and air, and an
inner sealant layer made of polymer resin that melts when
heated, stacked in that order. In the pouch type battery
cell, the battery case may be formed in various structures.
[0019] The battery module may further include a ther-
mally conductive adhesive interposed between an inner
lower surface of the module case and a lower side of the
battery cell assembly.
[0020] The module case may include a top plate to
cover a top of the battery cell assembly, a bottom plate
positioned opposite the top plate to cover a bottom of the
battery cell assembly, and a pair of side plates coupled
to the top plate and the bottom plate, and positioned on
two sides of the battery cell assembly, and may have a
first opening and a second opening which are open to
two sides in a lengthwise direction of the battery cells,
and the module case may further include a front cover
coupled to the first opening of the module case and con-
figured to cover a front side of the battery cell assembly,
and a rear cover coupled to the second opening of the
module case and configured to cover a rear side of the
battery cell assembly.
[0021] To solve the above-described problem, a bat-
tery pack according to the present disclosure includes at
least one battery module according to the present dis-
closure. That is, the present disclosure provides a battery
pack including the battery module according to the
present disclosure as a unit module. The battery pack
may be manufactured by combining the battery modules

as the unit modules according to a desired output and
capacity, and when considering mounting efficiency and
structural stability, the battery pack may be preferably
used as a power source of electric vehicles, hybrid elec-
tric vehicles, plug-in hybrid electric vehicles and power
storage systems (ESSs), but its application range is not
limited thereto.
[0022] To solve the above-described problem, a vehi-
cle according to the present disclosure includes at least
one battery pack according to the present disclosure.

Advantageous Effects

[0023] According to the present disclosure, it is possi-
ble to achieve multiple coolant jet spray in response to
the rising temperature. Thereby it is possible to achieve
multiple cooling. Accordingly, in the event of thermal run-
away of a battery cell, it is possible to prevent the thermal
runaway propagation and delay the occurrences of fires.
[0024] According to the present disclosure, it is possi-
ble to respond to the thermal runaway at the early stage
when the thermal runaway occurs in the battery cell. Ac-
cordingly, it is possible to prevent the thermal runaway
propagation rapidly and prevent fires.
[0025] The present disclosure lowers the temperature
of the battery cell by multiple coolant jet spray without an
electronic control unit when the temperature of the bat-
tery cell rises. As described above, the present disclosure
provides a safety device capable of delaying the occur-
rences of fires in the event of thermal runaway of the
battery cell disposed in the battery module. Accordingly,
it is possible to remarkably improve the safety that has
been pointed out as the problem of the conventional lith-
ium secondary batteries, and in particular, the safety im-
provement effect is prominent in the battery module or
the battery pack used in electric vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a schematic diagram of a battery module
according to an embodiment of the present disclo-
sure.
FIG. 2 is a cross-sectional view of FIG. 1 taken along
the line II-II’.
FIG. 3 shows an example of a battery cell tempera-
ture rise in the conventional battery module.
FIG. 4 shows an example of a battery cell tempera-
ture rise in a battery module according to another
embodiment of the present disclosure.
FIG. 5 is an exploded perspective view for describing
a battery module according to still another embodi-
ment of the present disclosure.
FIG. 6 is an assembled perspective view of FIG. 5.
FIG. 7 is a schematic diagram of a battery pack ac-
cording to an embodiment of the present disclosure.
FIG. 8 is a schematic diagram of a vehicle according
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to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0027] Hereinafter, the preferred embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings. Prior to the descrip-
tion, it should be understood that the terms or words used
in the specification and the appended claims should not
be construed as limited to general and dictionary mean-
ings, but interpreted based on the meanings and con-
cepts corresponding to the technical aspects of the
present disclosure on the basis of the principle that the
inventor is allowed to define terms appropriately for the
best explanation. Therefore, the embodiments described
herein and illustrations shown in the drawings are just a
most preferred embodiment of the present disclosure,
but not intended to fully describe the technical aspects
of the present disclosure, so it should be understood that
other equivalents and modifications could be made there-
to at the time the application was filed.
[0028] FIG. 1 is a schematic diagram of a battery mod-
ule according to an embodiment of the present disclo-
sure. FIG. 2 is a cross-sectional view of FIG. 1 taken
along the line II-II’.
[0029] Referring to FIGS. 1 and 2, the battery module
10 includes a module case 20 and at least one battery
cell 30 disposed in the module case 20. The module case
20 may form the shape of the battery module 10, and
receive the battery cell 30 therein. To this end, the module
case 20 may have a space for receiving the battery cell
30. The module case 20 comes in various types and
shapes.
[0030] The battery cell 30 may include, without limita-
tion, any type of secondary battery capable of providing
high voltage and high current to a battery module and a
battery pack, and may include, for example, a lithium
secondary battery capable of storing a large amount of
energy per volume. The battery module 10 includes at
least one battery cell 30, and preferably includes a plu-
rality of battery cells 30. In this sense, preferably, the
battery module is a 3-dimensional stack of battery cells
30 that allows simultaneous electrical connection of the
battery cells 30. The battery cells 30 themselves or
mounted in a cell cartridge may be stacked or arranged
into a dense structure, and electrically connected to each
other.
[0031] The battery module 10 of the present disclosure
further includes at least two coolant jet spray nozzles
40a, 40b to spray a jet of coolant into the module case
20. One end of the coolant jet spray nozzles 40a, 40b is
included in the module case 20. Coolant tanks 50a, 50b
are connected to the other end of the coolant jet spray
nozzles 40a, 40b. The coolant tanks 50a, 50b store the
coolant, and may be disposed outside of the module case
20. In this embodiment, the coolant tanks 50a, 50b may
be separated for each coolant jet spray nozzle 40a, 40b
and connected to the coolant jet spray nozzles 40a, 40b

respectively. Each of the coolant jet spray nozzles 40a,
40b may share the same coolant tank. However, when
a predetermined temperature drop effect takes place af-
ter the first coolant jet spray, a configuration for hindering
the further jet spray of the coolant through the open cool-
ant jet spray nozzles may be further necessary. In case
that such a configuration is absent, the jet of coolant will
be sprayed until the coolant in the coolant tanks connect-
ed to the open coolant jet spray nozzles is used up. An
appropriate piping may be formed between the coolant
tanks 50a, 50b and the coolant jet spray nozzles 40a,
40b.
[0032] The coolant may be a phase change liquid hav-
ing insulating properties. For example, the coolant may
be a liquid such as 3M Novec.
[0033] The coolant may be a slurry including microcap-
sules containing the phase change material. The liquid
component of the slurry first absorbs energy, and sec-
ondary energy absorption is possible through the phase
change of the phase change material. For example, the
phase change material may be at least one selected from
the group consisting of paraffin, an inorganic salt, a salt
hydrate, carboxylate and sugar alcohol.
[0034] When opened, each coolant jet spray nozzle
40a, 40b may be configured to spray the coolant onto
the battery cell 30 in the module case 20, and a necessary
number of coolant jet spray nozzles may be installed at
a predetermined location to uniformly spray the jet of
coolant onto the battery cell 30 in the module case 20.
In the shown example, the coolant jet spray nozzles 40a,
40b are installed on the side of the battery module 10 to
spray the jet of coolant to the side of the battery cell 30.
In another example, the coolant jet spray nozzles 40a,
40b may be installed above the battery module 10. The
coolant jet spray nozzles 40a, 40b have low melting point
metal valves 45a, 45b in the inlets, respectively, and the
melting points of the low melting point metal valves 45a,
45b are different for each nozzle.
[0035] The low melting point metal valves 45a, 45b in-
clude a low melting point metal, to be more exact, a low
melting point alloy. In a literal sense, the low melting point
metal refers to a metal having the melting point that is
lower than those of common metals. In general, commer-
cialized metal alloys below the melting point of Pb that
melts at 327.4°C correspond to the low melting point al-
loy. The melting point is different for each low melting
point alloy manufacturer, but the melting point ranges
from approximately 50°C to 200°C. Examples of the low
melting point alloy include Bi-Pb-Sn-Cd alloys that melt
at 70~80°C and Bi-Sn alloys that melt at 140~170°C.
Recently, lower cadmium and leadfree materials that
comply with the RoHS regulations are developed, so it
is easy to select materials. For example, the low melting
point metal valves may be manufactured using the low
melting point alloys having the melting point of 60°C,
72°C, 78.8°C, such as U-60, U-72, U-78 from Asahi Met-
al. The low melting point alloys having various melting
points may be available from Asahi Metal, and the low
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melting point alloys may be also available from Yamamo-
to Metal. These material suppliers are provided by way
of example, and the present disclosure is not limited to
the low melting point alloy manufacturers.
[0036] For example, the low melting point metal valve
has a hollow valve stem, and the hollow region is closed
with the low melting point metal, and when the ambient
temperature rises, the low melting point metal melts into
a liquid, the hollow is opened and the valve is brought
into operation. Alternatively, a closure may be attached
to the hollow region with the low melting point metal, and
when heated, the low melting point metal melts, and the
closure may be detached. When the coolant in the cool-
ant tanks 50a, 50b is placed in a compressed state, the
compressed coolant may be sprayed from the coolant
jet spray nozzles 40a, 40b to the battery cell 30 when the
valve stem is opened. The way how the valves operate
is provided by way of example, and the present disclosure
is not limited to the detailed structure of the low melting
point metal valves.
[0037] At lower temperatures than the melting point of
the low melting point alloy, the low melting point metal
valves 45a, 45b including the low melting point alloy are
in a closed state, that is, the inlet of each coolant jet spray
nozzle 40a, 40b is closed. When the temperature of the
battery cell 30 rises and reaches the melting point of the
low melting point alloy, the low melting point alloy melts
and the low melting point metal valves 45a, 45b are
opened, and the inlet of each coolant jet spray nozzle
40a, 40b is opened to spray the jet of coolant into the
battery module 10.
[0038] In this instance, since the low melting point met-
al valves 45a, 45b are configured with different melting
points for each nozzle, among the two low melting point
alloys, the low melting point alloy having the lower melting
point first melts and sprays the jet of coolant earlier. In
most cases, the temperature of the battery cell 30 may
be lowered and thermal runaway may be delayed through
the first coolant spray. Accordingly, it is possible to re-
spond to thermal runaway at the early stage in the event
of the thermal runaway, thereby preventing the thermal
runaway propagation rapidly and preventing fires.
[0039] However, in case the temperature drop of the
battery cell 30 is insufficient by the first coolant spray or
the temperature of the battery cell 30 increases further
for some reasons, second coolant spray is performed
when the temperature of the battery cell 30 reaches the
melting point of the low melting point alloy having the
higher melting point among the two low melting point al-
loys. As described above, multiple coolant spray is ac-
complished in response to the temperature rise of the
battery cell 30, and the valve opening is accomplished
by the mechanical operation attributed to the temperature
of the battery cell 30 without the need for a separate
electronic control unit for opening the valve.
[0040] According to the present disclosure, the low
melting point metal valves 45a, 45b as the operation
means are opened only in the event of the transition to

an abnormal operation state in which the temperature of
the battery cell 30 reaches the melting point of the low
melting point metal. Accordingly, the opening of the low
melting point metal valves 45a, 45b is an essential re-
quirement for the coolant spray, and the coolant spray is
carried out only when the battery cell 30 goes into the
abnormal operation state. Accordingly, it is possible to
minimize the faulty or incorrect coolant spray without an
electronic control unit.
[0041] According to the present disclosure, it is possi-
ble to achieve multiple cooling in response to the tem-
perature rise of the battery cell 30, thereby delaying ther-
mal runaway. As described above, the present disclosure
provides a safety device capable of delaying the occur-
rence of fires in the event of thermal runaway of the bat-
tery cell 30 disposed in the battery module 10. Accord-
ingly, it is possible to improve safety that has been point-
ed out as the problem of the conventional lithium sec-
ondary battery, and in particular, the safety improvement
effect is prominent in the battery module or the battery
pack used in electric vehicles.
[0042] The present disclosure proposes mounting a
plurality of coolant jet spray nozzles, and in this embod-
iment, two coolant jet spray nozzles 40a, 40b to spray
the jet of coolant into the battery module 10 and connect-
ing the coolant jet spray nozzles 40a, 40b to the coolant
tanks 50a, 50b, respectively, and mounting the low melt-
ing point metal valves 45a, 45b having different melting
points at the inlets of the coolant jet spray nozzles 40a,
40b, respectively. As the temperature of the battery cell
30 rises, each low melting point metal valve 45a, 45b is
opened in a sequential order and multiple coolant spray
is accomplished, thereby achieving multiple cooling. Ac-
cordingly, in the event of thermal runaway of the battery
cell, it is possible to prevent the thermal runaway prop-
agation and delay the occurrences of fires.
[0043] At least two coolant jet spray nozzles may be
provided. For example, each of a first low melting point
metal valve having the melting point of 70°C and a second
low melting point metal valve having the melting point of
90°C may be mounted in the coolant jet spray nozzle.
When the temperature of the battery cell reaches 70°C,
the first low melting point metal melts, the first low melting
point metal valve is opened, and the inlet of the coolant
jet spray nozzle having the first low melting point metal
valve is opened to spray the jet of coolant. As described
above, at the first temperature, the first low melting point
metal melts, and the coolant jet spray nozzle having the
first low melting point metal valve sprays the coolant the
first time to suppress the temperature rise. When the tem-
perature of the battery cell increases further and reaches
90°C for some reasons, at the second temperature, the
second low melting point metal melts, the second low
melting point metal valve is opened, and the inlet of the
coolant jet spray nozzle having the second low melting
point metal valve is opened to spray the jet of coolant the
second time.
[0044] The present disclosure may increase the
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number of low melting point metal valves having different
melting points to two or more, for example, 3, 4, 5, in a
sequential order, and the melting point of each low melt-
ing point metal valve may be in a sequentially increasing
relationship. In this way, it is possible to achieve multiple
coolant spray in response to the rising temperature. This
configuration implements a temperature down system for
each thermal runaway stage and provides time delay and
propagates trigger removal effects.
[0045] For example, although the first temperature is
70°C and the second temperature is 90°C in the previous
example, the battery module may further include a cool-
ant jet spray nozzle including a third low melting point
metal valve having the melting point of 110°C as a third
temperature. The battery module according to the
present disclosure includes the first low melting point
metal valve that melts when the first temperature is
reached, the second low melting point metal valve that
melts when the second temperature is reached, and the
third low melting point metal valve that melts when the
third temperature is reached, and the first temperature
to the third temperature may be in a sequentially increas-
ing relationship.
[0046] As another example, the battery module may
further include a coolant jet spray nozzle including a
fourth low melting point metal valve having the melting
point of 120°C that is higher than the third temperature
as a fourth temperature. The temperature drop effect will
be described with reference to FIGS. 3 and 4.
[0047] FIG. 3 shows an example of a battery cell tem-
perature rise in the conventional battery module. When
the battery module is not configured for multiple cooling
as opposed to the present disclosure, the battery cell
temperature rises over time as shown in FIG. 3, resulting
in thermal runaway.
[0048] FIG. 4 shows an example of a battery cell tem-
perature rise in the battery module including the coolant
jet spray nozzles having the first to fourth low melting
point metal valves according to another embodiment of
the present disclosure.
[0049] Referring to FIG. 4, when the temperature of
the battery cell reaches 70°C, the first low melting point
metal melts, the first low melting point metal valve is
opened, and the inlet of the coolant jet spray nozzle hav-
ing the first low melting point metal valve is opened to
spray the jet of coolant. As described above, at the first
temperature, the first low melting point metal melts and
the coolant jet spray nozzle having the first low melting
point metal valve sprays the coolant the first time, to sup-
press the temperature rise.
[0050] When the temperature of the battery cell in-
creases further and reaches 90°C for some reasons, at
the second temperature, the second low melting point
metal melts, the second low melting point metal valve is
opened, and the inlet of the coolant jet spray nozzle hav-
ing the second low melting point metal valve is opened
to spray the jet of coolant the second time. The temper-
ature rise is suppressed by the second coolant spray.

[0051] When the temperature of the battery cell in-
creases further and reaches 110°C for some reasons, at
the third temperature, the third low melting point metal
melts, the third low melting point metal valve is opened,
and the inlet of the coolant jet spray nozzle having the
third low melting point metal valve is opened to spray the
jet of coolant the third time. The temperature rise is sup-
pressed again by the third coolant spray.
[0052] When the temperature of the battery cell in-
creases further and reaches 120°C for some reasons, at
the fourth temperature, the fourth low melting point metal
melts, a fourth low melting point metal valve is opened,
and the inlet of the coolant jet spray nozzle having the
fourth low melting point metal valve is opened to spray
the jet of coolant the fourth time. The temperature rise is
suppressed by the fourth coolant spray.
[0053] When comparing FIG. 3 with FIG. 4, the time
point at which thermal runaway occurs in the convention-
al battery module of FIG. 3 may be delayed by a prede-
termined time in the battery module of the present dis-
closure shown in FIG. 4. As described above, the present
disclosure may delay the occurrence of thermal runaway
of the battery cell in the battery module, and when thermal
runaway occurs, may delay the thermal runaway propa-
gation, thereby mechanically delaying the occurrence of
fires.
[0054] Meanwhile, the melting point of the low melting
point metal is presented in the embodiments by way of
example, and the melting point may be differently de-
signed. In general, it is known that the threshold temper-
ature leading to thermal runaway is about 150°C. The
low melting point metal of the low melting point metal
valve used in the present disclosure has the melting point
that is equal to or lower than the threshold temperature.
[0055] FIG. 5 is an exploded perspective view for de-
scribing a battery module according to still another em-
bodiment of the present disclosure. FIG. 6 is an assem-
bled perspective view of FIG. 5.
[0056] The multiple cooling method described with ref-
erence to FIG. 1 brings a better result when used in the
battery module of FIG. 5.
[0057] Referring to FIGS. 5 and 6, the battery module
10 includes a battery cell assembly 100, a module case
200 and a thermally conductive adhesive 300.
[0058] The battery cell assembly 100 may include at
least one battery cell 110. The plurality of battery cells
110 may be stacked in electrical connection with each
other.
[0059] The plurality of battery cells 110 in a plate shape
may be stacked and arranged such that one or two sur-
faces are in contact with the adjacent battery cells to form
the battery cell assembly 100, and each battery cell 110
may have an electrode lead 120 extended on one or two
sides and may be stacked along the horizontal direction
of the module case 200 such that the edge where the
electrode lead 120 is not extended is placed down. That
is, the battery cell 110 may stand vertically such that the
wide surface is not placed on the bottom and be stacked
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side by side to form the battery cell assembly 100. In this
instance, the electrode lead 120 may be placed on the
left side and the right side of the battery cell assembly
100.
[0060] In particular, the plate-shaped battery cell may
be a pouch type battery cell including an electrode as-
sembly embedded in a battery case of a laminate sheet
including a resin layer and a metal layer, sealed along
the outer periphery of the battery case by heat melting.
[0061] In detail, the plate-shaped battery cell may be
a pouch type battery cell including an electrode assembly
including a positive electrode, a separator and a negative
electrode and an electrolyte solution hermetically re-
ceived in a battery case, and may have a plate shape of
an approximately cuboidal structure having a small thick-
ness to width as a whole. In general, the pouch type bat-
tery cell includes a pouch type battery case, and the bat-
tery case has a laminate sheet structure including an
outer coating layer made of polymer resin having high
durability, a barrier layer made of a metal material capa-
ble of preventing the inflow of moisture and air, and an
inner sealant layer made of polymer resin that melts when
heated, stacked in that order. In the pouch type battery
cell, the battery case may be formed in various structures.
[0062] The module case 200 has an empty space in-
side. The module case 200 receives the battery cell as-
sembly 100. The module case 200 is provided with at
least one open surface to insert the battery cell assembly
100 through the opening. The module case 200 may be
provided in the shape of a cuboid as a whole. For exam-
ple, the module case 200 may be provided in a tubular
rectangular shape with two opposing open sides.
[0063] The module case 200 includes a top plate 210
to cover the top of the battery cell assembly 100, a bottom
plate 220 positioned opposite the top plate 210 to cover
the bottom of the battery cell assembly 100, and a pair
of side plates 230 coupled to the top plate 210 and the
bottom plate 220 and positioned on two sides of the bat-
tery cell assembly 100, and has a first opening OA and
a second opening OB which are open to two sides in the
lengthwise direction of the battery cells 110.
[0064] The top plate 210 may have a sufficient size
and shape to cover the top of the battery cell assembly
100. The bottom plate 220 is provided with generally the
same shape as the top plate 210, and can stably support
the battery cell assembly 100. The pair of side plates 230
may have the same shape and size, facing each other.
[0065] The top plate 210, the bottom plate 220 and the
side plates 230 may be connected by welding. For ex-
ample, the top plate 210, the bottom plate 220 and the
side plates 230 may be welded on the sides by friction
stir welding such that their ends do not overlap and their
edges come into contact with one another. In another
example, the top plate 210, the bottom plate 220 and the
side plates 230 may be bonded to one another, may be
integrally formed, or may be coupled together with a
hinge structure. As described above, the module case
200 may be a mono frame.

[0066] The bottom plate 220 may further include, on
the upper surface, a guide structure to which the battery
cell assembly 100 is inserted and fixed. The guide struc-
ture and the battery cell 110 may be coupled by a sliding
method. That is, a part of the battery cell 110 may be
inserted into and coupled to the guide structure. For ex-
ample, a melted part (a sealing part) of the battery cell
110 may be inserted into the guide structure. The plurality
of groove-shaped guide structures may be provided. The
number of guide structures corresponding to the number
of battery cells 110 may be provided. When the battery
cell 110 is inserted into the guide structure, the battery
cell 110 may be supported more stably.
[0067] The module case 200 may further include a front
cover 240 coupled to the first opening OA of the module
case 200 and configured to cover the front side of the
battery cell assembly 100, and a rear cover 250 coupled
to the second opening OB of the module case 200 and
configured to cover the rear side of the battery cell as-
sembly 100.
[0068] The module case 200 is made of a thermally
conductive material to serve to absorb the heat from the
battery cell assembly 100 and dissipate the heat. The
module case 200 may be made of a metal material. Since
the metal material has good thermal conductivity, the
module case 200 may perform the heat radiation function
as a whole. For the material of the module case 200, all
metal materials may be used, and when considering ther-
mal conductivity, processing and cost, it is desirable to
use SUS- or aluminum-based materials.
[0069] A thermally conductive adhesive 300 is inter-
posed between the inner lower surface of the module
case 200 and the lower side of the battery cell assembly
100. The thermally conductive adhesive 300 is an adhe-
sive for cooling that can conduct heat, and may include
thermal resin. The thermal resin is not limited to a par-
ticular type, but may be one of a thermally conductive
silicone-based bond, a thermally conductive acrylic bond
or a thermally conductive polyurethane bond. The ther-
mally conductive adhesive 300 may fix the edges of the
battery cells 110 to the inner lower surface of the module
case 200 more stably.
[0070] Additionally, it is possible to cool through the
lower side of the battery cell assembly 100. To this end,
a heat sink may be disposed below the module case 200.
The heat sink uses an edge cooling method and may be
mounted below the module case 200 opposite the edges
of the battery cells 110. The heat sink may have a space
in which a vapor or liquid coolant may flow, and have a
metal outer wall that defines the space.
[0071] In the assembly process, the battery cell as-
sembly 100 is received in the module case 200 through
the first opening OA of the module case 200. In this in-
stance, the battery cell assembly 100 may be received
in the module case 200 with the thermally conductive
adhesive 300 applied to the lower side of the battery cell
assembly 100, and after the assembly process is com-
pleted, a thermally conductive adhesive may be injected

11 12 



EP 4 047 722 A1

8

5

10

15

20

25

30

35

40

45

50

55

into the module case 200 to form the thermally conductive
adhesive 300.
[0072] After the battery cell assembly 100 is received
in the module case 200, the front cover 240 is coupled
to the first opening OA of the module case 200 and covers
the front side of the battery cell assembly 100. The front
cover 240 may form a front side of the battery module
10’. After the battery cell assembly 100 is received in the
module case 200, the rear cover 250 is coupled to the
second opening OB of the module case 200 and covers
the rear side of the battery cell assembly 100. The rear
cover 250 may form a rear side of the battery module 10’.
[0073] As described above, the front cover 240 and
the rear cover 250 are positioned on the front and rear
sides of the top plate 210 and the bottom plate 220 to
cover the front and rear sides of the battery cell assembly
100. The front cover 240 and the rear cover 250 may be
welded or bonded to the module case 200. Alternatively,
the front cover 240 and the rear cover 250 may be de-
tachably coupled to the module case 200.
[0074] As described above, the battery module 10’ us-
es a tubular rectangular monoframe type module case
200, not the conventional cell cartridge. Due to not using
the cell cartridge to which the edge of the battery cell is
inserted and fixed by press-fit as conventionally, the al-
lowance in the design of the entire battery module 10’
increases, and it is possible to solve the conventional
problem with the transmission, to the edge of the battery
cell, of impacts or vibration may occur during mounting
when the edge of the battery cell is inserted into the cell
cartridge. The battery module 10’ and the battery pack
including the same can protect the battery cell from ex-
ternal vibration very well, and thus they are advanta-
geous in the application of vehicles that are frequently
exposed to external vibration.
[0075] Additionally, the battery module 10’ is complet-
ed by receiving the battery cell assembly 100 through
the opening of the module case 200, followed by a simple
operation of closing the openings on two sides. As de-
scribed above, the battery module 10’ is easily assem-
bled, resulting in high process efficiency. Additionally,
there is no need for a sealing component such as an O-
ring, a cooling component such as a cooling pin, or a
reinforcing or fixing component such as a cartridge,
thereby reducing the number of components of the bat-
tery module 10’. Accordingly, it is possible to reduce the
production cost and time and the weight, thereby improv-
ing productivity of the battery module 10’. Accordingly, it
is possible to reduce the production cost and time and
the weight, thereby improving productivity of the battery
module 100.
[0076] The battery module 10’ also includes the cool-
ant jet spray nozzles 40a, 40b and the coolant tanks 50a,
50b connected to each other as described with reference
to FIGS. 1 and 2 to accomplish multiple cooling using a
melting point difference between the low melting point
metal valves mounted in each coolant jet spray nozzle
40a, 40b.

[0077] The battery module 10’ is an improved module
of a simple structure including the battery cell assembly
100 and the module case 200 as the main elements,
without the existing component such as a cell cartridge
or a cooling pin, and configured for multiple cooling to
delay the occurrences of fires in the event of thermal
runaway of the battery cell 110 in the battery module 10’,
thereby ensuring high safety.
[0078] FIG. 7 is a schematic diagram of a battery pack
according to an embodiment of the present disclosure.
The battery pack 400 is suitable for the use as battery
packs for electric vehicles. FIG. 8 is a schematic diagram
of a vehicle according to an embodiment of the present
disclosure.
[0079] Referring to FIGS. 7 and 8, the battery pack 400
may include at least one battery module 10 according to
the previous embodiment and a pack case 410 to pack-
age the at least one battery module 10.
[0080] Here, the at least one battery module may in-
clude the battery module 10’ of the previous embodiment.
Additionally, in addition to the battery module 10 and the
pack case 410, the battery pack 400 according to the
present disclosure may further include various types of
devices for controlling the charge/discharge of the battery
module 10, for example, a BMS, a current sensor, a fuse
or the like.
[0081] The battery module 10 is almost cuboidal and
may be placed in arrangement inside the pack case 410,
and each battery module 10 is connected to supply power
necessary to drive the vehicle 500.
[0082] The pack case 410 is a container that fixes and
receives the battery modules 10, and is in the shape of
a cuboidal box. Additionally, the pack case 410 may be
placed at a predetermined location inside the vehicle 500.
[0083] Preferably, the vehicle 500 may be an electric
vehicle. The battery pack 400 may be used as an elec-
trical energy source for supplying power to a motor of the
electric vehicle 500 to drive the vehicle 500. In this case,
the battery pack 400 has a high nominal voltage of 100V
or above.
[0084] The battery pack 400 may be charged or dis-
charged by an inverter by the operation of the motor
and/or an internal combustion engine. The battery pack
400 may be charged by the regenerative charger coupled
to the brake. The battery pack 400 may be electrically
connected to the motor of the vehicle 500 through the
inverter. Additionally, the battery pack 400 may be pro-
vided in any device, apparatus and equipment other than
vehicles, such as Energy Storage Systems using sec-
ondary batteries.
[0085] The battery pack 400 according to this embod-
iment and the device, apparatus and equipment including
the battery pack 400 such as the vehicle 500 include the
above-described battery module 10, and thus it is possi-
ble to implement the battery pack 400 having all the
above-described advantages of the battery module 10
and the device, apparatus and equipment such as the
vehicle 500 including the battery pack 400.
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[0086] Meanwhile, the terms indicating directions as
used herein such as upper, lower, front, rear, left and
right are used for convenience of description, and it is
obvious to those skilled in the art that the term may
change depending on the position of the stated element
or an observer.
[0087] While the preferred embodiments of the present
disclosure have been hereinabove described, the
present disclosure is not limited to the above-described
particular preferred embodiments and it is obvious to
those skilled in the art that various modifications and
changes may be made thereto without departing from
the subject matter of the present disclosure claimed in
the appended claims, and such modifications and chang-
es fall in the scope of the appended claims.

Claims

1. A battery module, comprising:

a module case;
at least one battery cell disposed in the module
case;
at least two coolant jet spray nozzles to spray a
jet of coolant into the module case; and
coolant tanks connected to the coolant jet spray
nozzles,
wherein low melting point metal valves are
mounted in inlets of the coolant jet spray nozzles
respectively, and have different melting points
for each nozzle.

2. The battery module according to claim 1, wherein
the low melting point metal valves include a first low
melting point metal valve that melts when a first tem-
perature is reached, a second low melting point met-
al valve that melts when a second temperature is
reached and a third low melting point metal valve
that melts when a third temperature is reached, and
the first temperature to the third temperature are in
a sequentially increasing relationship.

3. The battery module according to claim 2, wherein
the low melting point metal valves further include a
fourth low melting point metal valve that melts when
a fourth temperature higher than the third tempera-
ture is reached.

4. The battery module according to claim 1, wherein
the coolant tanks are separated for each nozzle and
connected to the nozzles respectively.

5. The battery module according to claim 1, wherein
the coolant is a phase change liquid having insulating
properties.

6. The battery module according to claim 1, wherein

the battery cell includes a plurality of plate-shaped
battery cells, and the plurality of plate-shaped battery
cells is stacked and arranged such that one or two
surfaces are in contact with adjacent battery cells to
form a battery cell assembly,

each of the battery cells includes an electrode
lead extended on one or two sides, and
the battery cells are stacked along a horizontal
direction of the module case such that an edge
where the electrode lead is not extended is
placed down.

7. The battery module according to claim 6, further
comprising:
a thermally conductive adhesive interposed between
an inner lower surface of the module case and a
lower side of the battery cell assembly.

8. The battery module according to claim 6, wherein
the module case comprises:

a top plate to cover a top of the battery cell as-
sembly;
a bottom plate positioned opposite the top plate
to cover a bottom of the battery cell assembly;
and
a pair of side plates coupled to the top plate and
the bottom plate, and positioned on two sides of
the battery cell assembly,
the module case has a first opening and a sec-
ond opening which are open to two sides in a
lengthwise direction of the battery cells, and
the module case further comprises a font cover
coupled to the first opening of the module case
and configured to cover a front side of the battery
cell assembly, and a rear cover coupled to the
second opening of the module case and config-
ured to cover a rear side of the battery cell as-
sembly.

9. A battery pack, comprising:

at least one battery module according to any one
of claim 1 to 8; and
a pack case to package the at least one battery
module.

10. A vehicle comprising at least one battery pack ac-
cording to claim 9.

15 16 



EP 4 047 722 A1

10



EP 4 047 722 A1

11



EP 4 047 722 A1

12



EP 4 047 722 A1

13



EP 4 047 722 A1

14



EP 4 047 722 A1

15



EP 4 047 722 A1

16



EP 4 047 722 A1

17



EP 4 047 722 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 4 047 722 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 4 047 722 A1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• KR 1020200066431 [0001]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

